In 2 eye-movement experiments, the authors tested whether transitional probability (the statistical likelihood that a word precedes or follows another word) affects reading times and whether this occurs independently from contextual predictability effects. Experiment 1 showed early effects of predictability, replicating S. A. McDonald and R. C. Shillcock's (2003a) finding that words with a high transitional probability (defeat following accept) are read faster than words with a low transitional probability (losses following accept). However, further analyses suggested that the transitional probability effect was likely due to differences in predictability rather than transitional probability. Experiment 2, using a better controlled set of items, again showed an effect of predictability, but no effect of transitional probability. The authors conclude that effects of transitional probability are part of regular predictability effects. Their data also show that predictability effects are detectable very early in the eye-movement record and between contexts that are weakly constraining.
The predictability of a word in a context is known to affect reading times. Recently, Shillcock (2003a, 2003b) argued for another type of predictability effect, transitional probability or the statistical likelihood that a word will precede or follow another word. They argued that transitional probability operates independently from "regular" predictability effects, at least when predictability is low. In this article, we examine whether transitional probability effects are truly independent from predictability effects and, if so, whether they can be overridden in more constraining contexts.
A considerable amount of research has shown that the predictability of a word in a context influences the time needed to process that word. Generally, the more predictable a word is given the context, the faster or easier that word is processed. This finding has been shown in naming (McClelland & O'Regan, 1981) , lexical decision (Fischler & Bloom, 1979; Schwanenflugel & LaCount, 1988; Schwanenflugel & Shoben, 1985) , speech monitoring (Cole & Perfetti, 1980) , event-related potentials (e.g., Kutas, Lindamood, & Hilliard, 1984) , and a large number of eye-movement studies (e.g., Ehrlich & Rayner, 1981; Rayner & Well, 1996) . We concentrate on the last kind of study.
A word is highly predictable when the likelihood that that word will follow a given context fragment is high. Thus, predictability is often defined in terms of "contextual constraint." When a context is highly constraining, that is, when a target word is highly constrained, only a very limited number of words are likely to complete the context fragment; when the context is low constraining, many words will fit the fragment. For example, stamp is highly predictable in the (high-constraining) context, He mailed the letter without a ___, but low predictable in the (low-constraining) context He saw a beautiful ___. Estimates of predictability are generally compiled by the use of a modified Cloze task, in which participants are asked to complete sentence fragments, and the probability of a certain word appearing in a certain fragment is calculated.
Predictability has been shown to influence a variety of eyemovement characteristics. While there are some slight differences between experiments regarding when and how predictability effects show up, there is convincing evidence that high-predictable words are read faster than low-predictable words, with this difference appearing on the first fixation on the word (Altarriba, Kroll, Sholl, & Rayner, 1996; Binder, Pollatsek, & Rayner, 1999; Rayner, Ashby, Pollatsek, & Reichle, 2004) , on single-fixation duration (Lavigne, Vitu, & d'Ydewalle, 2000) , on gaze duration (the sum of all fixations on a word before fixating another word; Balota, Pollatsek, & Rayner, 1985; Binder et al., 1999; Lavigne et al., 2000; Rayner, Ashby, et al., 2004; Rayner & Well, 1996) , on rereading time (Calvo & Meseguer, 2002) , and on total time spent reading the target word (Calvo & Meseguer, 2002; Ehrlich & Rayner, 1981; Rayner & Well, 1996) . There is also evidence that predictability has an effect on "spillover time," the first-fixation duration following the target word (Balota et al., 1985; Calvo & Meseguer, 2002) . More predictable words are also skipped more often than less predictable words (Altarriba et al., 1996; Balota et al., 1985; Drieghe, Brysbaert, Desmet, & De Baecke, 2004; Ehrlich & Rayner, 1981; Rayner, Ashby, et al., 2004; Rayner & Well, 1996) and have a lower probability of being refixated (Calvo & Meseguer, 2002; Ehrlich & Rayner, 1981; Inhoff, 1984) . Schwanenflugel and LaCount (1988; see also Schwanenflugel & Shoben, 1985; Stanovich & West, 1979 hypothesized that a higher number of featural restrictions can be generated from high-constraining contexts, making the set of possible completions smaller, thereby raising readers' expectations that a particular word will follow. However, the influence of predictability strength, or the degree of contextual constraint, is not very well understood. Typically, experiments are set up using target words that differ substantially in Cloze value, often with probabilities of .70 to .90 for high-predictable words and less than .10 for low-predictable words. According to Hyönä (1993) , who did not find predictability effects when comparing conditions with Cloze probabilities of .65 and .32, strong contextual manipulations are necessary in order to find predictability effects on early reading times. However, further research has shown that rather than a simple difference in contextual strength, it also depends where on the scale this difference is taken from. Rayner and Well (1996) showed that gaze durations on high-(.86) and medium-(.41) constraint target words, while not differing from each other, were shorter than low-(.04) constraint target words (for converging evidence, see Lavigne et al., 2000, Experiment 2) . High-constraint target words were also skipped more often than medium-and low-constraint target words. Rayner and Well concluded that "strong constraint is necessary to influence word skipping but not first-pass fixation times" (p. 507). Because other contrasts, for example, between low-and zero-constraint target words, have not been tested, it is still unclear how predictable a word needs to be in order to show predictability effects. Shillcock (2003a, 2003b) argued for a different kind of predictability effect, which they called low-level predictability or forward transitional probability (henceforth TP) effects. Forward transitional probability is the likelihood that word n will follow word n Ϫ 1. For example, the verb accept is followed more often by the word defeat than by the word losses. Therefore, the TP of defeat is higher than the TP of losses. McDonald and Shillcock (2003b) reported that this affects the fixation times on the noun, with longer fixation durations when the TP is lower. According to McDonald and Shillcock, TP effects reflect the availability of low-level statistical knowledge between adjacent words used in a bottom-up fashion. Of importance, McDonald and Shillcock argued that TP effects are independent from contextual predictability effects. Strength of TP, they suggested, exerts an immediate influence on the eye-movement record, with effects showing up in first-fixation, single-fixation, and gaze-duration measures. In contrast, contextual predictability effects reflect, according to McDonald and Shillcock, high-level, integrative, top-down processes, and show up mainly in "later" eye-movement measures. However, given that many studies (see Rayner, 1998 , for a review) have demonstrated that predictability influences first-fixation durations and skipping rates (and the decision to skip a word must be made early in processing), it is difficult to maintain such a distinction. In addition, it is unclear why predictability, as assessed by a Cloze task, would reflect only higher order processes. While Cloze tasks provide an index of contextual constraint, it is possible that they are affected in turn by TP (i.e., TP affects the likelihood of completion). We return to this issue in the General Discussion section.
Evidence for TP effects comes from two studies: one involving an experiment in which TP was manipulated and contextual predictability was controlled (McDonald & Shillcock, 2003a) , and one involving a corpus analysis of eye-movement data (McDonald & Shillcock, 2003b) . McDonald and Shillcock (2003a) investigated verb-noun combinations such as accept defeat/losses. On the basis of the 100-million-word British National Corpus (Burnage & Dunlop, 1992) , they calculated the probability of a specific noun following a verb ( p[noun|verb] ϭ frequency [verb, noun] /frequency [verb] ). After selecting 48 pairs for which one member had a high TP (e.g., defeat) and the other a low TP (e.g., losses) for a specific verb (e.g., accept), a neutral preceding context was generated for each verb (e.g., They simply will not). Because the nouns were controlled for length and frequency, any differences in reading times can arguably be related to the difference in TP. McDonald and Shillcock (2003a) found a small TP effect for early reading times (significant for first-fixation duration, and nearly significant for single-fixation duration, with a trend in gaze durations), with 11-13 ms shorter fixation times for high-TP words compared with low-TP words, and no statistical differences in the amount of skipping. While this seems like clear evidence for the independence of TP effects, one concern with this study is that a Cloze task showed that the neutral contexts were not equally neutral for both types of items: Given the sentence fragments up to and including the verb, participants were 10 times more likely to complete them with the high-TP noun than the low-TP noun (.08 vs. .008). Hence, while the mean predictability scores were quite low, and the predictability contrast smaller than has been tested before, the fact that the predictability and the TP measures are confounded is potentially damaging to the claim that predictability and TP are independent. As indicated previously, low-level factors like TP might be part of regular predictability estimates. To maintain that TP and predictability are indeed independent, it is therefore crucial to show that TP effects can be found when predictability is held constant.
McDonald and Shillcock (2003b) examined eye-movement data while participants read excerpts from newspapers and calculated the TP of each word in the texts. Using multiple linear regression analyses, they showed independent effects of TP on both firstfixation and gaze durations, but not on the probability of skipping a word. These data are therefore in line with the experimental data of McDonald and Shillcock (2003a) . They also found that the TP measure accounted equally well for content and function words.
However, it should be noted that the method did not allow them to control for a host of factors that could potentially have influenced reading times: word identity, syntactic role, and, indeed, the predictability of the word in context. A subset of this corpus also revealed first-fixation and gaze-duration effects of backward TP, which means that the likelihood of the word following the fixated word affects the early reading times on the fixated word, with shorter reading times when the next word follows the fixated word often. While forward and backward TP are usually highly correlated (McDonald & Shillcock, 2003b) , they do not need to be the same. For example, attach might be followed often by importance, but that does not necessarily mean that importance is, relatively speaking, often preceded by attach. McDonald and Shillcock (2003b) take the backward TP effect as evidence of parafovealon-foveal effects (see Kennedy, 2000 , for effects of parafoveal processing; though see Rayner, White, Kambe, Miller, & Liversedge, 2003, and Rayner, Warren, Juhasz, & Liversedge, 2004 , for alternative accounts of such effects). Lavigne et al. (2000) also found shorter reading times on the fixation prior to the target word, though only when the target word was a high-frequency word and the launch site of the prior fixation was close to the target word. It should be noted that neither McDonald and Shillcock (2003b) nor Lavigne et al. (2000) tested the contextual predictability of the preceding word, which could have been the cause of the effects.
In short, Shillcock (2003a, 2003b) provided some interesting data suggesting that the likelihood of two words occurring together in text may be exploited immediately by readers. Crucially, they maintain that TP effects are independent from predictability effects, and they provided two arguments for this claim (McDonald & Shillcock, 2003b) : First, backward TP effects, which are dependent on the likelihood of the next word to occur, are difficult to reconcile with a measure of contextual integration; second, the verb-noun expressions preceded by a neutral context with only small differences in Cloze values still showed significant effects of TP (McDonald & Shillcock, 2003a) .
These results have interesting implications, both at the theoretical level with respect to models of eye movements and at the more practical level of experimental design. At a theoretical level, they suggest that TP or low-level predictability at least partly drives the when component of eye movements (i.e., the decision of when to move the eyes to the next word, which plausibly reflects the time needed to identify the currently fixated word). Because some models of eye-movement control in reading, like the E-Z Reader model (Reichle, Rayner, & Pollatsek, 2003) , rely heavily on frequency and predictability information as the prime inputs in making decisions regarding when to move the eyes, effects of TP, if real, should be incorporated into such models. One way to integrate forward TP, according to McDonald and Shillcock (2003b , pp. 1748 -1749 , is to replace the predictability component in the model's first stage (the "familiarity check") with a measure of TP. Incorporating backward TP, however, would be difficult in a sequential model like E-Z Reader. Thus, it is important to determine if TP effects indeed affect eye-fixation times. McDonald and Shillcock's results also suggest that TP effects are beyond a reader's conscious control as they are driven by mere statistical probabilities found in texts. These results are also important because they are, to our knowledge, the first potential evidence that at least one type of adjacent dependencies, namely, the cooccurrence frequency of specific verb-noun combinations, are reflected in reading times. Research on artificial grammar learning has shown that adults and children can learn adjacent dependencies between syllables, tones, and sequences of words in strings without formal instructions (e.g., Aslin, Saffran, & Newport, 1998; Gómez & Gerken, 1999; Saffran, Aslin, & Newport, 1996; Saffran, Johnson, Aslin, & Newport, 1999; Saffran & Wilson, 2003) , as well as some nonadjacent dependencies in certain restricted contexts (e.g., Gómez, 2002) . McDonald and Shillcock's results would broaden the implications of these findings by showing that statistical dependencies are not restricted to the learning of artificial stimuli but are also brought into play during the processing of natural language.
At a practical level, these results could force researchers to take into account TP values when examining the eye-movement record in almost all cases in which a difference is expected between two conditions. For these reasons alone, an investigation of whether McDonald and Shillcock's (2003a) results replicate is important. However, we also wanted to extend their research and test whether TP effects are still discernable in more constraining contexts. If TP effects can be found even when predictability is high, then we can safely conclude that TP and predictability are independent and additive effects. If, however, TP effects disappear or are overridden when predictability increases, then we are faced with two possibilities: Either TP and predictability are not independent or TP effects are independent of predictability effects but only have measurable effects in particular types of context (see, e.g., Blutner & Sommer, 1988 , on how sentence focus can override priming effects). To test the influence of predictability on TP, we placed verb-noun expressions that differed with respect to TP in neutral contexts and constraining contexts. We ran two experiments, the first using the same TP pairs as McDonald and Shillcock (2003a) and the second using a new set of items.
Experiment 1
The goal of Experiment 1 was twofold. Using the same TP item pairs as eye-movement measures as McDonald and Shillcock (2003a) , we attempted to replicate their finding of TP affecting early eye-movement measures. By introducing constraining contexts in addition to neutral contexts, we wanted to examine the effects of predictability and determine whether predictability interacted with TP.
Method
Participants. Forty native American English-speaking students from the University of Massachusetts were paid $8 to participate in the experiment. All had normal or corrected-to-normal vision, and none participated in the pretest (see the Materials section).
Materials. We used the same 48 verb-noun pairs as McDonald and Shillcock (2003a; see Appendix A). The transitional probabilities were computed from the 100-million-word British National Corpus (Burnage & Dunlop, 1992) . The mean number of occurrences of the verb-noun combinations in the corpus was 61.0 (range: 9 -331) for the high-TP items and 1.6 (range: 0 -7) for the low-TP items, t(47) ϭ 6.74, p Ͻ .001. In terms of probability estimates, following McDonald and Shillcock's (2003a) The mean backward TP for the verb when followed by a high-TP noun was .01089 and .00026 when followed by a low-TP noun. The nouns were controlled pairwise for frequency (log[10]-frequency ϭ 3.0 for both high and low TP, based on the CELEX database; Baayen, Piepenbrock, & Van Rijn, 1993) and length (7.2 characters on average for both high and low TP). To respect American English spelling, we changed colour to color in one item. Analyses with this item excluded did not change the pattern of results.
The verb-noun pairs were preceded by either a contextually constraining context or a neutral context. The neutral contexts were similar to those from McDonald and Shillcock (2003a) , though they were extended so that they had a comparable length to the constraining contexts. The Cloze test provided next indicated that the increased length of the neutral contexts did not affect predictability. A neutral spillover region, which was held constant within each item quartet, followed the critical noun. Examples can be found in (1a-d).
1a. As they cannot afford to lose the game, the team will not accept defeat even when they're far behind (constraining context, high TP: C-H).
1b. Since their mission is to make money, the manager will not accept losses even when it means pay cuts (constraining context, low TP: C-L).
1c. It is silly that they simply will not accept defeat even when they're far behind (neutral context, high TP: N-H).
1d. It is silly that they simply will not accept losses even when it means pay cuts (neutral context, low TP: N-L).
Contextual predictability was assessed by means of a modified Cloze test. A total of 41 participants completed sentence fragments consisting of the prior context up to and including the verb with the first word or words they could come up with. The mean Cloze values were .22 (range: .00 -.73; SD ϭ .20) for C-H, .06 (range: .00 -.67; SD ϭ .13) for C-L, .07 (range: .00 -.70; SD ϭ .14) for N-H, and .01 (range ϭ .00 -.23; SD ϭ .03) for N-L. Note that the Cloze values for N-H and N-L were almost exactly the same as in McDonald and Shillcock's (2003a) Cloze test (.08 vs. .01), as were the ranges and standard deviations.
The experimental items were divided into four lists so that each participant saw 12 items in each condition and one version of each item. The 48 critical sentences were mixed with 85 filler sentences of various types. The sentences were presented in a fixed random order.
Procedure. Participants were tested individually. Eye movements were recorded using a Fourward Technologies Dual Purkinje Generation 5.5 eye tracker, which has an angular resolution of less than 10 min arc. All sentences were displayed on a single line or on two lines with a maximum length of 80 characters (the target regions all appeared on the first line). While viewing was binocular, only the right eye was monitored. Stimuli were displayed on a 15-in. NEC 4FG color monitor 61 cm from the participants' eyes. At this distance, 3.8 character positions equaled 1°of visual angle. Participants' gaze position was recorded every millisecond. A bite bar and forehead rest were used in order to minimize head movements.
Participants were encouraged to read the sentences carefully for understanding and to read at a normal rate. They pressed a button to remove a sentence when they had finished reading. Comprehension questions appeared after 50% of the items (balanced across conditions). Half of the questions required a yes response, half a no response. Accuracy was 92.5%.
At the beginning of the experiment, a calibration procedure was carried out. Calibration checks were performed before each sentence, and recalibration was done whenever necessary. The entire experiment lasted approximately 45 min, including a short break in the middle.
Analyses. An automatic software procedure pooled short contiguous fixations. Fixations that were less than 80 ms and within one character of another fixation were incorporated into one larger fixation. Fixations of less than 80 ms and not within one character space of another fixation were deleted as, presumably, readers hardly extract any information during these short fixations (see Rayner & Pollatsek, 1989) . We also excluded fixations of more than 800 ms (e.g., Niswander, Pollatsek, & Rayner, 2000) . In comparison, McDonald and Shillcock (2003a) did not report a lower cutoff and used a 700-ms upper cutoff.
We report analyses on three critical regions: the verb, the noun, and a spillover region that was defined as the next word if five characters long or more (including the space before the word). If the spillover word was shorter, the next two words were used. We included the spillover region because previous research (Calvo & Meseguer, 2002) has indicated that predictability effects are sometimes found immediately after reading the target word. While McDonald and Shillcock (2003a) reported only analyses on the noun, McDonald and Shillcock (2003b) argued that backward TP affects early reading times as well. In other words, the predictability of the fixated word given the following word should influence reading times in the same manner as forward TP influences reading times. Concretely, the argument is that defeat should be read faster than losses because defeat follows accept more often than losses follows accept (forward TP). In addition, accept, when followed by defeat, will be read faster than accept followed by losses (backward TP). Hence, according to this argument, backward TP effects should be discernable on the verb itself.
The same measures that McDonald and Shillcock (2003a) used are reported next: first-fixation duration (the duration of the first fixation on a word), single-fixation duration (the fixation time on a word when the word is fixated only once), gaze duration (the summed fixation times on a word during first-pass reading), and probability of skipping. The reported means and analyses of variance (ANOVAs) are based on reading times excluding 0-ms fixations (i.e., when a region was not fixated).
Results and Discussion
Prior to all analyses, sentences with major track losses, as a result of minor head movements or blinks, were excluded, as were sentences where two consecutive regions were skipped (less than 1% of the trials in total). For each measure and for each of the two regions, we subjected the data to separate Context (constraining context vs. neutral context) ϫ TP (high TP vs. low TP) ANOVAs, treating participants (F 1 ) and items (F 2 ) as random effects. Table  1 presents the averages, using participant means, for first-fixation duration, single-fixation duration, gaze duration, and probability of skipping. We discuss the verb, noun, and spillover regions separately.
Verb region. If backward TP has an effect, we should find that the verbs with a high backward TP are read faster than verbs with a low backward TP. All the verbs in the C-H and N-H conditions had higher backward TP than the verbs in the C-L and N-L conditions (see the Materials section). No significant effects emerged on first-fixation duration analyses. The 11-ms difference between N-H and N-L on first-fixation duration did not yield 1 These values are slightly different from the values quoted in McDonald and Shillcock (2003a) , .01011 and .00038, which appears to be due to different versions of the British National Corpus. We feel that this is not of much significance because the discrepancy between the high-and the low-TP items is both substantial and comparable to McDonald and Shillcock (2003a significance in a planned comparison ( ps Ͼ .10). Likewise, no significant effects emerged for the single-fixation duration. The 13-ms difference between N-H and N-L did not yield significance in a planned comparison ( ps Ͼ .10). However, the gaze-duration data yielded a significant effect of context: When the verbs appeared in a constraining context, they were read faster than when they followed a neutral context: F 1 (1, 39) ϭ 8.23, p Ͻ .01; F 2 (1, 47) ϭ 5.43, p Ͻ .03. The 9-ms difference between N-H and N-L was not significant ( ps Ͼ .20) . No significant differences were found for the probability of skipping.
In short, there was no sign of a backward TP effect. The context effect that was found in the gaze-duration data fits into the idea that more predictable words are read faster than less predictable ones, though it should be noted that the Cloze values reported previously are the predictability ratings for the noun rather than the verb. We therefore carried out a Cloze test with 24 new participants for the sentence fragments excluding the verb. Each participant saw one constraining and one neutral fragment for each verb so that each context was completed by 12 participants. The results indicated that predictability for the constraining contexts was four times larger than the predictability for the neutral contexts (constraining: .04; neutral: .01), which might have been the source of the context effect.
Noun region. First-fixation duration analyses showed that the nouns were read faster in a constraining context than in a neutral context: F 1 (1, 39) ϭ 5.70, p Ͻ .03; F 2 (1, 47) ϭ 5.07, p Ͻ .03. High-TP nouns also tended to be read faster than low-TP nouns, though this was only significant in the participants analysis: F 1 (1, 39) ϭ 4.37, p Ͻ .05; F 2 (1, 47) ϭ 2.46, p ϭ .12. The interaction was not significant (both Fs Ͻ 1). Single-fixation durations showed the same pattern: a significant effect of context, F 1 (1, 39) ϭ 5.93, p ϭ .02; F 2 (1, 47) ϭ 5.07, p Ͻ .03, an effect of TP significant by participants only, F 1 (1, 39) ϭ 6.06, p Ͻ .02; F 2 (1, 47) ϭ 1.36, p ϭ .25, and no interaction (Fs Ͻ 1). Finally, gaze-duration analyses yielded a significant effect of TP: F 1 (1, 39) ϭ 15.32, p Ͻ .001; F 2 (1, 47) ϭ 6.99, p ϭ .01, but no other effects. The analyses on the probability of skipping showed no significant effects.
Spillover region. First-fixation durations were longer in the neutral context conditions than in the constraining context condition, though this was fully significant only in the items analysis: F 1 (1, 39) ϭ 3.40, p Ͻ .08; F 2 (1, 46) ϭ 5.16, p Ͻ .03.
2 The single-fixation duration analyses revealed no significant effects. Gaze-duration analyses showed a significant effect of context, with constraining contexts leading to shorter spillover reading times: F 1 (1, 39) ϭ 4.45, p Ͻ .05; F 2 (1, 46) ϭ 7.51, p Ͻ .01. The probability of skipping analyses showed a significant effect of context, F 1 (1, 39) ϭ 9.45, p Ͻ .01; F 2 (1, 47) ϭ 7.02, p ϭ .01, a marginal effect of TP, F 1 (1, 39) ϭ 3.57, p Ͻ .07; F 2 (1, 47) ϭ 7.09, p ϭ .01, and an interaction, F 1 (1, 39) ϭ 4.14, p Ͻ .05; F 2 (1, 47) ϭ 4.54, p Ͻ .04. Planned comparisons showed that the spillover region in the C-H condition was skipped more often than in the other three conditions (all ps Ͻ .03), which did not differ from each other (all ts Ͻ 1).
In summary, our data are generally very much in line with McDonald and Shillcock's (2003a) data: Nouns that follow a particular verb more often (high-TP nouns) were read faster than control nouns that follow the same verb less often (low-TP nouns). While McDonald and Shillcock (2003a) observed this pattern most 2 There was one missing cell in the items analysis. Note. Reading times are in milliseconds. C-H ϭ constraining context/high-transitional probability; C-L ϭ constraining context/low-transitional probability; N-H ϭ neutral context/high transitional probability; N-L ϭ neutral context/low-transitional probability.
strongly in their first fixation data, we observed it most strongly in the gaze-duration data. Because the trends in our other measures were strong, one should be cautious about drawing too strong of a conclusion from this difference in time course, though it is worth pointing out that if TP effects truly reflect automatic low-level bottom-up processes, we would probably have expected the strongest effects to turn up on the earliest measures (first-and singlefixation durations; see McDonald & Shillcock, 2003a , 2003b . In addition to TP effects, we also found significant early effects of context, with constraining contexts leading to shorter reading times than neutral contexts on both the verb and the noun regions. This result suggests that our contextual manipulation was indeed strong enough and that predictability effects can be observed with quite small mean Cloze differences at the lower end of the scale. They also corroborate previous findings (Rayner & Well, 1996) of predictability effects that were found for early reading time measures and show that these effects are not restricted to late processing measures like rereading time and number of regressions back to a word (contra Calvo & Meseguer, 2002) . The lack of an interaction between context and TP indicates that our context manipulation did not override the TP effect and that TP effects could operate independently from predictability effects. The skipping data are also in line with McDonald and Shillcock (2003a) in the sense that no differences in skipping probability were found on the verb and the noun. However, the interaction observed in the spillover region indicates that when the context is constraining and the TP of the noun is high, skipping of the next region is more likely. This interaction is unexpected if TP and predictability are acting independently from each other, but can be explained if one assumes that they can reinforce each other. As indicated previously, the Cloze values for the low-TP nouns preceded by a neutral context were substantially lower than the Cloze values for the high-TP nouns in a neutral context. Because our data suggest that even relatively small differences in mean predictability ratings can lead to context effects, this difference in the neutral context conditions could have influenced the fixation times. In fact, rather than comparing N-H to N-L, which have predictability ratings of .07 and .01, one could argue that a better comparison would be C-L to N-H, in which the predictability ratings, standard deviations, and ranges are much closer. When comparing these two conditions, no significant differences emerged: for first-and single-fixation durations, ts Ͻ 1; for gaze duration, t 1 (39) ϭ 1.52, p Ͼ .13; t 2 (47) ϭ 1.13, p Ͼ .26. Hence, this suggests that when mean predictability is controlled, TP effects might no longer be observable.
However, mean predictability is potentially misleading as it does not indicate item variability. If TP effects are independent from predictability effects, we should expect a comparable speeding up for high-TP items, whether the discrepancy in Cloze values is small or large. However, if TP effects are akin, or part of, general predictability effects, we would expect that the difference in reading times will be largest for item pairs that differ most in predictability. A similar argument can be made for item pairs in the constraining context conditions: shorter reading times when the difference in predictability is large. A straightforward test of this possibility can be obtained by correlating the difference in reading times with the difference in predictability, which showed a nearsignificant effect in the predicted direction for the gaze durations for the neutral contexts (r ϭ Ϫ.22, p ϭ .07, one-tailed), though not for the constraining contexts (r ϭ Ϫ.08, p ϭ .30). However, Hyönä's (1993) and Rayner and Well's (1996) findings discussed previously indicate that predictability effects are very likely not linear, especially not for more constraining contexts, and correlations might not be the right type of analysis for that reason. We therefore decided to split the data into two subsets: a subset of matched items (i.e., items with comparable Cloze values) and a subset of mismatched items. We did this for the neutral and constraining context conditions separately. Note that, because of the pairwise controlling of the target nouns, frequency and length are still well controlled in these subset analyses. For the neutral context conditions, we identified 26 matched item pairs for which the N-H and N-L conditions all had a Cloze value of .00 and 21 mismatched item pairs for which the Cloze value of N-H was higher than the value of N-L (.12 and .00, respectively). One item for which the Cloze value was higher for N-L than for N-H was deleted from the analyses. For the matched items, the gaze durations on the noun for N-H were 15 ms less than for N-L, a nonsignificant difference, t 1 (39) ϭ 1.36, p Ͼ .18; t 2 (25) ϭ 1.36, p Ͼ .18; for the mismatched items, this difference was 24 ms, t 1 (39) ϭ 2.55, p Ͻ .02; t 2 (20) ϭ 3.16, p Ͻ .01.
The items in the constraining context conditions, after taking out 2 items for which the Cloze of the C-L condition was at least .20 higher than the C-H condition, were arranged in two subsets based on a median split. The matched subset consisted of 29 item pairs for which the difference in Cloze values was equal or less than the .18 median (Cloze C-H ϭ .11, Cloze C-L ϭ .04). The mismatched subset contained 17 items for which the difference in Cloze values was higher than the median (Cloze C-H ϭ .42, Cloze C-L ϭ .01). For the matched items, the 3-ms advantage for the C-H condition in gaze durations was not significant (both ts Ͻ 1). For the mismatched items, the 31-ms advantage for C-H compared with C-L was significant in the participants analysis, t 1 (39) ϭ 2.34, p Ͻ .03; t 2 (16) ϭ 1.55, p ϭ .14. Together, the results of the subset analyses indicate that when the predictability of the low-and high-TP items is controlled, no significant TP effects could be found. It is therefore quite possible that apparent TP effects are actually due to Cloze differences. Shillcock (2003a, 2003b ) also argued that TP effects are more likely to occur when the fixation preceding the one on the noun happened to be close to the noun; that is, when the launch site for the target fixation was close. They argued that this would induce an effect of TP because parafoveal preview is greater at short launch distances and because converging evidence from parafoveal and statistical (i.e., transitional probability) information will facilitate processing. To test this possibility, we divided the gaze-duration data in two groups: close launch sites (i.e., launch sites of 1 to 4 characters to the left of the space before the noun) and far launch sites (5-15 characters to the left). We then added launch distance as an extra factor in the ANOVAs and tested for an interaction between launch distance (close vs. far) and TP. Launch distance did not interact with TP (both Fs Ͻ 1). For the firstfixation data, this interaction was marginally significant in the participants analysis, F 1 (1, 37) ϭ 3.59, p ϭ .07, but not in the items analysis, F 2 (1, 44) ϭ 1.10, p ϭ .30. However, when analyzing the two conditions best matched for predictability (C-L and N-H), the interaction was far from significant (both Fs Ͻ 1).
In conclusion, while our data at first sight replicate McDonald and Shillcock's (2003a) finding that TP effects can be found in very early reading time measures, there are reasons to believe that these effects might actually be due to predictability. First, no significant differences were found when comparing two conditions that had comparable Cloze values (C-L and N-H). Second, when item pairs were split into subsets that were either matched for predictability or not matched, significant TP effects were found only for unmatched pairs, both for the neutral and constraining context conditions. Hence, it might be the case that McDonald and Shillcock's (2003a) results reflected differences in predictability rather than transitional probability, or that TP is one factor influencing predictability judgments. Experiment 2 was therefore set up with two intentions in mind: We wanted to determine whether TP effects are still discernable when predictability for the neutral and the constraining contexts is better controlled, and whether predictability can be observed in early reading measures for items with relatively small Cloze differences between conditions.
Experiment 2
The results of Experiment 1 raise the possibility that apparent TP effects might have been caused by differences in predictability, and that a constraining context can speed up reading rates even when the mean difference in predictability is fairly small. Experiment 2 used the same design as Experiment 1, but we constructed new items so that the Cloze values of the item pairs were much better matched. This way, if effects of TP are found, in addition to predictability effects, then it will be difficult to argue that they are caused by mismatches in predictability. On the other hand, if no effects or only predictability effects are observed, then this result will further support the notion that TP effects are not independent from predictability effects.
Another motivation for Experiment 2 was our concern with a number of items from Experiment 1 (and, thus, McDonald & Shillcock's, 2003a, experiment) that might have exhibited TP effects for reasons unrelated to a difference in TP or predictability. For example, a number of item pairs involved verbs such as cast that were semantically ambiguous, as in cast girls and cast doubt. As shown by Pickering and Frisson (2001) , homonymous verbs are resolved differently from other verbs (see also Binder & Rayner, 1998; Duffy, Morris, & Rayner, 1988; Rayner, Pacht, & Duffy, 1994; Sereno, Pacht, & Rayner, 1992 , on the processing of homonymous nouns). Hence, because the "typecast" interpretation of cast is the less frequent meaning of cast, the low-TP noun girls might require more processing than a noun compatible with the more frequent interpretation of cast, not because its TP is lower but rather because it is paired with the verb's subordinate interpretation. Other items might have been problematic for a different reason. Expressions such as pay tribute and save face, which are high-TP items, are also idiomatic. Previous research on idioms (e.g., Gibbs & Gonzales, 1985; Swinney & Cutler, 1979) suggests that idiomatic interpretations are processed faster than literal ones, possibly because the former can be stored as a unit while the latter needs to be assembled. We therefore excluded clearly idiomatic expressions as much as possible in the current experiment.
Method
Participants. Thirty-six American English-speaking students from the University of Massachusetts participated in the experiment for either credit or money.
3 All had normal or corrected-to-normal vision, and none participated in the pretest (see the Materials section).
Materials. We tested a total of 56 item quartets, 30 of which used the same verb as in Experiment 1 (see Appendix B). Some of these verbs were followed by the same noun as in Experiment 1, while others were paired with different nouns, and contexts were rewritten when appropriate. The same restrictions on length, frequency, and TP were used as in Experiment 1. The mean number of occurrences, as assessed by the British National Corpus, was 51.0 (range: 12-331) for the high-TP items and 1.2 (range: 0 -7) for the low-TP items, t(55) ϭ 6.71, p Ͻ .001. Mean TP estimates were .00677 for high-TP nouns and .00018 for low-TP nouns. Mean backward TP estimates for the verb were .01204 when followed by a high-TP noun and .00054 when followed by a low-TP noun. Frequency and length of the nouns were controlled (log[10]-frequency ϭ 2.9 for high-TP items and 2.8 for low-TP items; mean length ϭ 7.2 characters for both high-and low-TP items).
The design was the same as in Experiment 1, and contextual predictability was assessed by a modified Cloze task. A total of 56 participants completed sentence fragments consisting of the prior context up to and including the verb with the first word or words they could come up with. The mean predictability values were .20 for the C-H items (range: .0 -.85; SD ϭ .23), .18 for C-L (range: .0 -.79; SD ϭ .20), .02 (range: .0 -07; SD ϭ .03) for N-H, and .01 (range: .0 -.07; SD ϭ .02) for N-L. Hence, the imbalance in predictability ratings between the high-and the low-TP items that was present in Experiment 1 was removed in Experiment 2. The experimental items were divided into four lists so that each participant saw 14 items in each condition and one version of each item. The order of presentation was randomized for each participant. In addition to the 56 experimental items, each list contained 84 filler items of various types. As the filler items consisted of two sentences, we added a second sentence to the critical items. Because the critical sentence was always the first sentence and because we are interested in the reading times before the participants reached the second sentence, this could not have affected our results.
Procedure and analyses. Procedure, apparatus, and analyses were the same as in Experiment 1. The spillover region was defined the same as in Experiment 1. The entire experiment lasted about 50 min, including a short break in the middle. The accuracy on the comprehension questions was 91.3%.
Results and Discussion
Prior to all analyses, sentences with track losses were excluded (2.0% of the trials). Table 2 presents the averages, using participant means, for first-fixation duration, single-fixation duration, gaze duration, and probability of skipping. We discuss the three regions-verb, noun, and spillover-separately.
Verb region. There were no significant or near-significant effects in the first-fixation duration, single-fixation duration, gazeduration, or probability-of-skipping analyses (all ps Ͼ .14).
Noun region. There were no significant or near-significant effects in the first-fixation duration data: The 7-ms difference between C-H and C-L was not significant, t 1 (35) ϭ 1.51, p Ͼ .14; t 2 (55) Ͻ 1. No significant or near-significant effects were observed in the single-fixation duration data, and the 10-ms difference between C-H and C-L was not significant, t 1 (35) ϭ 1.58, p Ͼ .12; t 2 (55) Ͻ 1. The gaze-duration data showed an effect of context, with constraining contexts leading to shorter reading times, F 1 (1, 35) ϭ 3.82, p Ͻ .06; F 2 (1, 55) ϭ 4.85, p Ͻ .04, but no effect of TP or an interaction (all Fs Ͻ 1). The 6-ms difference between C-H and C-L was not significant (both ts Ͻ 1). The probabilityof-skipping analyses showed no significant or near-significant effects.
Spillover region. First-fixation duration analyses revealed a significant effect of context, with shorter reading times on the spillover region when preceded by a constraining context: F 1 (1, 35) ϭ 4.60, p Ͻ .04; F 2 (1, 55) ϭ 4.27, p Ͻ .05. Trends in the same direction were found for single-fixation duration, F 1 (1, 35) ϭ 3.04, p ϭ .09; F 2 (1, 55) Ͻ 1, and gaze duration, F 1 (1, 35) ϭ 3.20, p Ͻ .09; F 2 (1, 55) ϭ 3.26, p Ͻ .08, analyses. There were no significant effects of TP and no significant interactions (all ps Ͼ .29). There were no effects in the skipping analyses.
The results of Experiment 2 are easy to summarize: An effect of context (i.e., a predictability effect) was found for the gaze duration on the noun and the first-fixation duration on the spillover region, but no evidence was found that TP exerted an influence on early reading times. In fact, the reading times on N-H and N-L, the conditions akin to the ones used by McDonald and Shillcock (2003a) , are remarkably alike, with differences of no more than a 5-ms difference on any measure. Given that the frequency of the high-TP nouns was slightly higher than the low-TP nouns and that the Cloze values for N-H were slightly higher than the Cloze values for N-L, this difference is negligible. The main conclusion to be drawn from these results is that, with predictability more tightly controlled, differences in TP did not affect early reading times for our new set of items. In contrast, we did identify a context effect. While the context effect was observed in the firstand single-fixation duration data in Experiment 1, this effect was restricted to the gaze durations in the present experiment. We are not sure why this is the case, nor do we know whether this reflects any significant processing differences because all three measures are generally considered early measures of processing.
As in Experiment 1, we split the data into matched and mismatched subsets. For the neutral context conditions, we identified 20 items for which the Cloze value was .00 (matched items) and 20 items for which the N-H Cloze value was higher than the N-L Cloze value (.05 and .00, respectively). Note that this contrast is much less than in Experiment 1 as a result of better controlling of predictability. The only significant effect on the noun, and only for the participants analysis, was found for the first-fixation data for the mismatched subset, with a 23-ms advantage for the N-H condition, t 1 (35) ϭ 2.72, p ϭ .01; t 2 (19) ϭ 1.66, p ϭ .11. For the constraining context conditions, we followed the same procedure as in Experiment 1. After taking out item pairs for which the Cloze of the C-L condition was at least .20 higher than the C-H condition (12 items), a matched and mismatched subset was distinguished on the basis of a median split. The matched subset consisted of 22 items with minor differences in Cloze values (.07 and .10 for C-H and C-L, respectively). No significant effects were observed for this subset (all ts Ͻ 1). The mismatched subset consisted of 22 items for which the difference in Cloze value was higher than the median (.38 and .13 for C-H and C-L, respectively). Again, this contrast is much less than in Experiment 1. No significant effects were found for the planned comparisons (all ps Ͼ .15). We also examined whether launch distance (close: 1 to 4 characters to the left of the space before the noun vs. far: 5-15 characters) and TP interacted for the gaze-duration data. As in Experiment 1, no significant interaction was observed: F 1 (1, 35) ϭ 3.03, p ϭ .09; F 2 (1, 55) ϭ 2.33, p Ͼ .13. The same analysis for the first-fixation duration data revealed a significant interaction for the participants analysis, F 1 (1, 35) ϭ 4.08, p ϭ .05, but not for the Note. Reading times are in milliseconds. C-H ϭ constraining context/high-transitional probability; C-L ϭ constraining context/low-transitional probability; N-H ϭ neutral context/high-transitional probability; N-L ϭ neutral context/low-transitional probability.
items analysis, F 1 (1, 35) ϭ 2.13, p ϭ .15. While this seems to suggest that TP effects might be slightly stronger when the launch site is close to the target word, one has to be very careful with this interpretation, as these analyses are based on a much reduced number of observations per cell, and the built-in experimental controls (length, frequency, predictability) are at least partly lost in this procedure (which was not the case in the subset analyses). Consequently, some items might have disproportionately influenced mean reading times for factors not related to TP. For example, taking out the 3 items for which the predictability of the C-H condition was at least .50 more than the predictability of the C-L condition made the interaction disappear: F 1 (1, 35) ϭ 2.35, p ϭ .13; F 2 (1, 55) ϭ 1.62, p ϭ .24. In short, we found no convincing evidence that TP effects depend on launch distance, though further research explicitly designed to test this possibility is warranted.
General Discussion
Experiment 1 showed effects of TP and predictability in the early reading time measures. The lack of an interaction suggests that TP has an effect independent of predictability. However, comparisons of conditions that were better matched on strength of predictability and analyses of subsets cast doubt on this interpretation, and suggest that the purported TP effects could be traced back to regular predictability effects. Experiment 2 followed up on this suggestion and showed that, when predictability is well controlled, TP effects disappeared while regular predictability effects were still observed. Neither of the experiments showed significant effects of backward TP (i.e., that the probability of the upcoming word affects reading times on the fixated word). This result is a clear lack of a parafoveal-on-foveal effect (see Rayner et al., 2003 .
As we discussed in the introduction, McDonald and Shillcock (2003b) provided two arguments for why TP effects are separate from predictability effects. Their first argument concerned their finding of backward TP effects, which are supposed to be incompatible with the idea of predictability being a measure of high-level contextual integration. In both experiments, we failed to replicate this finding, even though the differences in backward TPs were substantial. There might be several reasons for this inconsistency. McDonald and Shillcock (2003b) obtained reading times from a corpus they compiled by having participants read excerpts from newspaper articles and then calculated forward and backward TPs for each word in the corpus. They then selected a set of words with high backward TP and a set with low backward TP, and showed shorter reading times for the first set compared with the second set. Hence, it might be possible that the difference in backward TP for the high and low items was greater than in our experiments. However, by examining backward probability this way, they were unable to control other variables such as word type, syntactic category, and, indeed, predictability.
Their second argument in favor of the independence of TP effects was their finding (McDonald & Shillcock, 2003a ) that TP effects occurred in neutral sentences with low mean Cloze values. As discussed previously, the additional analyses of Experiment 1 and the results of Experiment 2 strongly suggest that this effect was not independent from predictability effects. This outcome also affected our original plan to test whether constraining contexts could override TP effects. If one believes that TP effects are a reflection of low-level statistical probabilities independent from high-level cognitive predictability or expectancy, constraining contexts should not have an influence on TP. However, because the TP effects for the neutral context conditions in Experiment 1 were questionable, and nonexistent in Experiment 2, the question whether TP effects can be overridden by context ceases to be a concern.
So, why is it that McDonald and Shillcock (2003a) found effects of TP while we failed to replicate them with a larger set of items that were strictly controlled for predictability (Experiment 2)? There are a number of factors that could possibly have played a role, either alone or in combination. The main difference between the two experiments was the predictability scores for the neutral context conditions. While the mean Cloze values for the low-TP items were comparable in both experiments (both .01), the mean Cloze values for the high-TP items were dissimilar: .08 in McDonald and Shillcock's (2003a) experiment versus .02 in Experiment 2. Another difference was that we excluded a number of fixed expressions. If these expressions behaved like idioms, then they might have been processed faster than the nonidiomatic member of the item pair (e.g., Gibbs & Gonzales, 1985; Swinney & Cutler, 1979) . We discuss two, not mutually exclusive, ways of how higher Cloze values could have influenced their results.
First, it is possible that relatively small differences in Cloze can lead to predictability effects, especially at the low end of the scale. While relatively large differences at the medium-high end of the scale do not seem to have much impact on fixation times (Hyönä, 1993; Rayner & Well, 1996) , no one has systematically investigated the possibility that predictability effects can be observed between words that have low Cloze and words with zero Cloze. It might be possible therefore that predictability effects are more like frequency effects, for which it has been found that small differences in frequencies at the low end of the scale have a bigger effect than at the high end of the scale (see also Gernsbacher, 1984) . There is some evidence supporting this view. The results of Rayner and Well (1996) indicate that predictability is not a linear function, as no effect was found between medium-and high-constraining words on fixation time measures while the predictability difference was as high as between medium-and low-constraining words. In addition, the subset analyses of Experiments 1 and 2 showed that predictability effects were more reliable for the mismatched neutral context conditions than for the mismatched constraining context conditions, even as the predictability differences were larger for the latter subsets. Obviously, the hypothesis of predictability effects at the low end of the scale needs more experimental support, though we see no reason at this moment to reject it out of hand.
The second explanation for why the differences in Cloze values between McDonald and Shillcock (2003a) and Experiment 2 might have led to different outcomes is related to this view. Rayner and Well (1996) compared high-and medium-predictable words with low-predictable ones and found shorter gaze durations for both high-and medium-predictable words. A closer look at the predictability values for McDonald and Shillcock's (2003a) items revealed that a number of them had medium-to high-predictability values, even in what was considered a neutral context. When only those items were taken into account that had Cloze values of zero, no effects became apparent in our experiments. These results, together with the almost identical early reading times for the neutral context conditions of Experiment 2, strongly suggest that McDonald and Shillcock's (2003a) results might have reflected differences in strength of predictability rather than differences in TP.
We do not want to argue that transitional probabilities have no significance whatsoever in reading, though we question whether TP effects are truly independent of what has traditionally been considered predictability effects. The finding that there is a slight bias, as can be deduced from the Cloze values, to complete a semantically neutral context, such as "It is silly that they simply will not accept," with a high-TP noun such as defeat might indicate that some kind of record is being kept of how often accept is followed by defeat (though it is equally possible that this bias is unrelated to TP and merely reflects the predictability of the sentence fragment as a whole). If this is the case, then contingency statistics might be one of several sources participants in a modified Cloze task can rely on in order to complete a sentence fragment. Presumably such statistics are also relevant to people's choices of words in normal production. In this sense, predictability measures, as estimated by means of a modified Cloze task, capture both low-level and high(er)-level probabilities. Because other factors like, for example, the degree of fit of a word in a larger context influence predictability ratings as well, it should be possible to find predictability effects without TP effects, though the reverse would be difficult or impossible. This is also exactly what our data show.
This article has addressed the role of TP and predictability on eye movements in reading. We know that eye movements provide an indication of language processing (Rayner, 1998) because they are affected by many cognitive variables (e.g., word frequency). It would therefore be interesting to see whether TP and predictability affect other measures of language processing. For instance, studies have investigated the effects of local and global context on processing difficulty (e.g., Hess, Foss, & Carroll, 1995; Schwanenflugel & White, 1991; Van Berkum, Hagoort, & Brown, 1999) , and similar experiments could investigate whether TP has an independent effect on reaction time measurements of spoken or written language comprehension.
To conclude, our results question whether TP effects are truly independent of what is generally considered predictability effects. They are, however, compatible with an account that considers transitional probabilities as one component among several that influences predictability. This way, TP effects provide us with a better understanding of what can drive predictability ratings, though they do not provide evidence for a separate processing stage.
